FMRI studies investigating the acquisition of sequential motor skills in 13 humans have revealed learning-related functional reorganizations of the cortico-striatal 14 and cortico-cerebellar motor systems in link with the hippocampus. Yet, the functional 15 significance of these activity level changes is not fully understood as they convey the 16 evolution of both sequence-specific knowledge and unspecific task expertise. Moreover, 17 these changes do not specifically assess the occurrence of learning-related plasticity. To 18 address these issues, we investigated local circuits tuning to sequence-specific 19 information using multivariate distances between patterns evoked by consolidated or 20 newly acquired motor sequences production. Results reveal that representations in 21 dorsolateral striatum, prefrontal and secondary motor cortices are greater when 22 executing consolidated sequences than untrained ones. By contrast, sequence 23 representations in the hippocampus and dorsomedial striatum are less engaged. Our 24 findings show, for the first time in humans, that complementary sequence-specific motor 25 representations evolve distinctively during critical phases of skill acquisition and 26 consolidation. 27 28 29
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extended network of cerebral (Hardwick et al. 2013 ), cerebellar and spinal regions (Vahdat significantly better for the subsequent than for the first sequence. 89 To address these specificity limitations, multivariate pattern analysis (MVPA) has been pro- 90 posed to evaluate how local patterns of activity are able to reliably discriminate between 91 stimuli or evoked memories of the same type over repeated occurrences, hence allowing 92 to test information-based hypotheses that GLM contrasts cannot inquire (Hebart and 93 Baker 2017). In the MSL literature, only a few studies have used such MVPA approaches to 94 identify the regions that specialize in processing the representation of learned motor se- bilaterally the primary and secondary motor as well as parietal cortices. In another study 103 (Nambu et al. 2015) that aimed to analyze separately the preparation and execution of se-104 quential movements, representations of extensively trained sequences were identified in 105 the contralateral dorsal premotor and supplementary motor cortices during preparation, 106 while representations related to the execution were found in the parietal cortex ispilater-107 ally, the premotor and motor cortices bilaterally as well as the cerebellum. In both studies, 108 the regions carrying sequence-specific representations overlapped only partly with those 109 identified using GLM-based measures, hence illustrating the fact that coarser differences 110 in activation between novel and trained sequences does not necessarily provide evidence 111 of plasticity for sequential information. However, the classification-based measures they Behavioral performance 141 We analyzed the behavioral performance related to the four different sequences using a Importantly, there were also no significant differences between the two consolidated se- Caud.
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z-score In order to evaluate the reorganization of sequence representation undergone by con-181 solidation at the group level, the consolidated and new sequence discriminability maps 182 from all participants were submitted to a non-parametric pairwise t-test with TFCE. To 183 ascertain that a greater discriminability in one stage versus the other was supported by a 184 significant level of discriminability within that stage, we then calculated the conjunction of 185 the contrast maps with the consolidated and new sequences group results, respectively 186 with the positive and negative contrast differences ( fig. 3 ). 187 Discriminability between the consolidated sequences was significantly higher than that 188 between the new sequences in bilateral sensorimotor putamen, thalamus and anterior 189 6 of 28 Acc.
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z-score between sequences based upon signals from these regions could simply be due to the 225 stronger activity evoked by the first finger press in the sequence, and not to activity from 226 the whole finger sequence (Yokoi et al. 2017 ). Yet although conjectural, we do not believe 227 that such an effect can explain our pattern of results because, while the newly learned 228 sequences began with different fingers, both consolidated sequences were discriminated 229 despite the fact that the first finger presses were the same. Finally, while being located 230 around the hand knob, the spatial extent of the M1/S1 representation in our study was 231 smaller compared to that found by Wiestler and Diedrichsen (2013). This may be due, 232 however, to differences in our design, notably in the uninterrupted repetition of the motor 233 sequence during practice, and in the fact that none of our sequences engaged the thumb, 234 which has a more distinctive M1/S1 cortical representation than the individual fingers we also found significant representations in the occipital, temporal and insular cortices. 255 This discrepancy can be attributable to the shift from an activation-based inference to 256 one based on the presence of sequential information in activity patterns, but also by the 257 recruitment of additional regions for the processing of this information in stimuli and its 258 maintenance in working memory required by the task. Finally, on the third day (D3), participants first performed TSeq1 for 7 blocks followed by 7 442 blocks of TSeq2, each block including 12 repetitions of the sequence or 60 keypresses. 443 Following this last testing session, participants were then asked to complete an experi-444 mental task (here called MVPA task) specifically designed for the current study, similar 445 to a previous study that investigated sequence representation by means of multivariate 
